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GENERAL CLASSES OF MATERIALS OF 
NANO OR ULTRAFINE SIZES 
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Engineered or Manufactured nanomaterials 

synthesized recently associated with the nanotechnology 
developments: fullerenes, carbon nanotubes, quantum dots, 
etc. 


MOTHER NATURE MAKES NANOMATERIALS 
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Image: ©American Geological Institute 



I NDUSTRIAL PROCESSES ALSO PRODUCE A LARGE AMOUNT 
OF ATMOSPHERIC NANO/ULTRAFI NE PARTICULATE MATTER 
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TOXICOLOGICAL STUDIES OF PARTICL 
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To x i city S e arc h Que ry Manufactured 

Nanomaterials 

PubMed Search up to 2005: Info from EPA 2005 (modified by C. Lam) 





STRUCTURES OF CARBON NANOTUBES 
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ELECTRICAL CONDUCTIVITY OF CARBON 



Simulated model and data by Gokturk H.S. (Matsushita Electric) 2005 
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Ajayan et al (1999), PNAS 96: 14199- 




>30 "SPECIES" OF SWCNTs DUE TO SLIGHT VARIATIONS IN 



Bachilo et al. Science 298: 2361-2366, 2002 



PHYSICAL CHARACTERISTICS OF BULK CNT MATERIALS 




PURIFICATION OF CNTS TO REMOVE 
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(Courtesy of Drs. Maynard & Baron, NIOSH) 
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(Lam et al Tox. Sci 77:126-134, 2004; Lam et al Crit. Rev. Tox 36:189-217, 2006) 
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(Lam et al., Tox. Sci. 77, 2004) (Warheit et al., Tox. Sci 77, 2004) 



AGGREGATES OF CNTS TAKEN UP BY MULTIPLE CELLS 
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(Mangum et al. Particle and Fiber Tox. 2006) 
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alter inflammatory cytokine expression in i 
brain areas 

NIOSH Study (Sriram et ah) 2007 
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Brain 

• Inflammation and increase inflammatory cytokines in the brain. 

Relative Toxicity 

• Toxicity: CNTs > quartz > nanosize carbon black 
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.ONG-TERM EXPOSURES TO AIRBORNE PARTICULATE MATTER 
CREASED INCIDENCE OF CARDIOVASCULAR EVENTS IN WOMEN 



Each increase of 10 jag/m 3 was associated with a 24% increase in the risk of 
a cardiovascular (CV) event (hazard ratio, 1.24 [ 95% CL, 1.09 to 1.41]) and 
a 76% increase in the risk of death from CV disease (hazard ratio, 1.76; 

95% CL 1 .25 to 2.47). (Miller et al. NEJM 356:447-458,2007) 
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MWCNTS FOUND IN PREHISTORICAL ICE 



Figures (e) and (f) show 10000 year-old particulate trapped in a Greenland ice 
core, (f) shows a magnified image at arrow in (e) 

Murr et al, J. Mater. Sci. 39:2199 





MWCNTs PRODUCED BY CANDLE FLAMES 



.interactives.co.uk 




:NTs generated from fuel combustion 




Courtesy of L. Murr and A. Holian 






MWCNTs FOUND IN 

FINE PARTICULATE MATTER IN URBAN AIR 

PM samples from El Paso downtown 




Courtesy of L. Murr and A. Holian 




MANUFACTURED vs COMBUSTION-GENERATED MWCNTS 



Lam et al. Crit. Rev. Tox. 36:189-217, 2006 





FUEL-COMBUSTION GENERATED MWCNTS IN THE ENVIRONMENT 
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We postulate that MWCNTs may play a significant 
role of pollution- induced cardiopulmonary diseases 

(Lam et al., Crit. Rev. Tox. 36: 189-217, 2006) 


TOXICITY OF CNTS: WHAT CAN WE LEARN FRO 
TOXICITIES OF ULTRAFINE PARTICLES 
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To x i city S e arc h Que ry Manufactured 

Nanomaterials 

PubMed Search up to 2005: Info from EPA 2005 (modified by C. Lam) 



Toxicity did not increase with U- size or U surface area 

Pulmonary bioassay studies with nanoscale and fine-quartz particles in rats: 
toxicity is not dependent upon particle size but on surface characteristics ” 
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Fig- 2. Sim illation model showing cmrent i']T> t iirous la 

c-e-jatrEil region in respcose to- voltage a PP lied as shown. 
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Girard, Prin. Environ. Chem p526, 2005 


TABLE 2-1 Typical Chemical Composition of Some Commercial MVF S 

Composition % 
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TABLE 2-1 Typical Chemical Composition of Some Commercial MVF S 
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TOXICOLOGICAL RISK OF CNT EXPOSURES 
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M w L. IN I s are present in environment 

We postulate that exposure to combustion-generated MWCNTs 
in fine PM may play a significant role in air pollution-related 
cardiopulmonary diseases 


A BIG QUESTION FOR TOXICOLOGICAL RESEARCH 
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PM2.5 related cardiopulmonary diseases: 
can we learn from CNT toxicity? 





